ABSTRACT. The population and distribution of feral raccoons (Procyon lotor) are expanding in Japan after escape or release from animalowners. Wakayama Prefecture is one of the most typically devastated areas by this exotic carnivore, particularly in the last five years after a latent distribution for more than ten years. Most of the collected parasites are food-borne, indigenous helminth species. Physaloptera sp. has never been recorded in indigenous wild carnivores in Japan, and resembles closely P. rara, prevalent in raccoons of North America, in morphology. The position of a pair of phasmids in the posteroventral region of the adult male, however, could differentiate it from P. rara. Since Strongyloides procyonis is known to cause creeping eruption as well as intestinal infection in a healthy human volunteer, we should be concerned about the rapid increase in the population and distribution of feral raccoons in Japan from the viewpoint of public health as well.
The population and distribution of feral raccoons (Procyon lotor (Linnaeus, 1758)) in Japan are expanding after intentional or unintentional releases by animal-owners. Wakayama Prefecture is one of the most typically devastated areas in this country. Miyashita [27] recorded the distribution of feral raccoons in 15 prefectures in Japan, including Aichi, Gifu, Hokkaido, Kanagawa and Wakayama, in March 1992. Earlier data on feral raccoons in Wakayama Prefecture is not available. Based on a recent inquiry conducted by the prefectural office (August 2003; unpublished), a chronological change in the distribution of raccoons in this prefecture is as follows (50 municipalities in total before 1 October 2004 or the great municipal merger in Heisei era [Heisei shi-cho-son-gappei], and we follow this division thoroughly in descriptions of the present study): feral raccoons were noticed in 5 municipalities (Tanabe, Nakahechi, Kamitonda, Shirahama, and Kawabe) by 1997; another 5 municipalities located in the northern region of this prefecture were added to the distribution area by 1999; feral raccoons were noticed in 21 municipalities in total by 2001; and at least in 36 municipalities by 2003. At present, feral raccoons are widely distributed in at least 12 municipalities after the inquiry data mentioned above ( Fig.  1) , and the agricultural loss caused by these animals increased abruptly in the last five years: the area of damage was approximately 10 and 142 ha, resulting in economic loss amounting to 1.5 and 32.9 million JPY, in 2001 and 2002, respectively. Due to apparent nuisances such as agricultural loss and housebreaking, an official control and eradication program of feral raccoons commenced in the summer of 2002 in several municipalities of Wakayama Prefecture, including Tanabe City, which has been since then adopted by other municipalities.
Raccoons adapt to a variety of habitats, and are often attracted to areas of human activity by food available in the farmland and garbage in the town, or by spaces under the roof that may offer shelter [16, 24] . Considering that serious zoonoses such as leptospirosis, tularemia, rabies, cryptosporidiasis and Baylisascaris procyonis larva migrans, and diseases to companion animals such as canine and feline distemper could be transmitted by raccoons [16, 24, 47] , effective control measures of feral raccoons are necessary not only due to direct nuisance behaviors to human activities and disturbance of local ecosystem, but also to prophylactically remove possible health threats to residents and indigenous wildlife and domestic animals. In fact, recent outbreaks of fatal neurological larva migrans caused by the raccoon roundworm B. procyonis in rabbits and Japanese macaques kept in zoo facilities in Japan were serious [10, 38, 41, 44] , emphasizing the need for pet and feral raccoons to be under strict control of public and animal health authorities.
In the present study, we examined gastrointestinal helminths of 531 feral raccoons collected in 12 municipalities of Wakayama Prefecture to assess their possible health threats to residents and indigenous animals, with special attention to the raccoon roundworm and other exotic helminth species. We believe that this kind of assessment of possible biohazards is important also for non-specialized workers engaged in the control of this animal at present as well as in the future.
MATERIALS AND METHODS
Parasitological examination: Raccoons were trapped using metal cage-traps by licensed residents, euthanized using a humanitarian method, labeled individually, and stored individually at -20°C until zoological examination. After thawing, data related to sex, age class and zoological measurements were recorded. The entire intestine distal to the pylorus was removed from the carcass, refrozen, and sent to the laboratory for parasitological examination. The stomach was opened to examine food items, and the collected parasites were fixed in 70% alcohol. The intestine was opened longitudinally, scratched carefully by gloveworn hands, and the content was washed repeatedly by simple sedimentation in tap water. Sediments were checked thoroughly under a dissection microscope. Except for several worms for DNA extraction, the collected parasites were fixed in 10% neutral-buffered formalin or 70% alcohol. [16] , and roughly saying, raccoons less than 2.0 kg BW were juvenile, those between 2.0 and 4.0 kg BW growing young, and those more than 4.0 kg BW young and grown adults.
DNA extraction and polymerase chain reaction (PCR): Molecular genetic characterization was conducted on echinostomatid trematodes to identify the species [20, [28] [29] [30] . Amplified were segments of small and large subunit (SSU/ LSU) ribosomal RNA genes (rDNA) with internal transcribed spacer 1 (ITS-1) and 2 (ITS-2), and mitochondrial genes (mtDNA) such as cytochrome c oxidase subunit I (COI) and nicotinamide adenine dinucleotide dehydrogenase subunit 1 (ND1). Parasites of interest were collected as promptly as possible, and preserved in 1.5 ml Eppendorf tubes at -80°C. DNA extraction, PCR, and DNA sequencing were conducted as described in our previous work [42] . Each cycle of PCR consisted of denaturation for 30 sec at 94°C, annealing for 60 sec at 62-65°C (rDNA), 52°C (COI mtDNA), or 48°C (ND1 mtDNA), and extension for 60 sec at 72°C. This cycle was repeated 32 times. The used primers were universal ones described by others [8, [28] [29] [30] 52] . DNA sequences were aligned using the CLUSTAL W multiple alignment program [49] available on the net [clustalw.genome.jp/]. Nucleotide sequences reported here are deposited and available in the DDBJ/EMBL/GenBank as Fig. 1 . Geographic distribution of feral raccoons examined in the present study. Wakayama Prefecture, Japan, was divided into 50 municipalities (exactly saying, this division was correct before 1 October 2004 or the great municipal merger in Heisei era, but we followed this division here), and 531 examined raccoons in total were trapped in Hashimoto (HSM), Yura (YRA), Gibo (GBO), Kawabe (KWB), I'nami (INM), Minabe (MNB), Tanabe (TNB), Nakahechi (NHC), Kamitonda (KTD), Ohtoh (OHT), Shirahama (SRH), and Hikigawa (HKG). Numbers in parentheses after each abbreviated municipality name indicate the number of examined raccoons. Currently, feral raccoons are noticed in 36 municipalities (marked by dots or dark), and are widely distributed in at least 12 municipalities (dark). mentioned below.
RESULTS
General view: Except for Strongyloides procyonis, which was detected for the first time in the second-year period of our survey and then often found in raccoons examined, recovery of other parasites showed no apparent differences by year. Table 1 summarizes the results of the parasite recovery by host sex and body weight. The proportion of infected raccoons with any helminth species was higher in males than females regardless of BW (age), and increased steadily with BW (age). Infection with a small number of a single species was common, and infection with multiple species was seen only in 59 raccoons (27.4% of all infections): 37 raccoons with 2 species, 16 with 3 species, 5 with 4 species, and 1 with 5 species. Infection with soil-transmitted nematodes of indigenous carnivores, such as Ancylostoma kusimaense, Arthrostoma miyazakiense, and Molineus legerae was rare in feral raccoons, and observed mainly in juvenile or younger raccoons with BW less than 4 kg. In addition, the number of these parasites from an individual host was substantially small (Table 1) . Examined raccoons had no roundworms including Baylisascaris procyonis, or Toxocara tanuki that was found rarely from this host species in Japan [4] .
Physaloptera sp.: The adults measuring 2-4.5 cm in length (Fig. 3) , were found firmly attached to the gastric mucosa or sometimes embedded in the mucosal nodes in 24 raccoons, and a few juveniles were found in the small intestine of 3 raccoons caught between May and July. Infected raccoons were trapped mainly in Tanabe (16 cases), particu- larly at certain foci such as Shinjo and Nakahaya. Figure 4 shows the morphological details of this species. Three precloacal sessile papillae of equal size were arranged in a triangular row, and the external surface of the cloaca was not clearly divided from the surrounding area (Fig. 4D) . The first pair of posteroventral papillae was situated distantly from 2 pairs of postcloacal papillae (Fig. 4C) . One pair of phasmids situated at around the middle between the second and third pairs of posteroventral papillae (Fig. 4E) Henry, 1912 : Two male and 1 female adults were firmly attached to the gastric mucosa of one raccoon (Fig. 5) . In addition, a single juvenile worm each was collected from the intestine of 4 raccoons. These 5 raccoons were trapped in certain areas (Inari, Nakahaya, and Maro) of Tanabe Echinostomatid trematodes: The echinostomatid species with 34-39 collar spines were not fully-developed at any instances, and DNA extraction from any lots of the parasite Fig. 6 ), numbered 1 to 41 (geomean, 3.6)/host, was found in 10 raccoons: 4 in Tanabe, 4 in Hikigawa, and 1 each in Ohtoh and Kawabe.
Cestodes were found only in a single raccoon. Found were 8 destrobilated adults of Mesocestoides sp. Detailed descriptions of Strongyloides procyonis and acanthocephalan species are made in separate publications [42, 43] .
Since other helminth species collected from feral raccoons in the present study are well-known parasites of indigenous wild carnivores in Japan [39, 40] , taxonomic note for each parasite is omitted in the present study.
DISCUSSION
Among many zoonotic pathogens transmittable through raccoons, the raccoon roundworm (B. procyonis) has the highest priority with respect to public health and ecological concerns [11, 17, 18, 38, 41, 44, 47] . In this sense, the fact that no roundworms were found in all 531 raccoons examined in the present study is good news for the residents in the survey area. However, of concern was the detection of S. procyonis at a high rate widely in the survey area, since this species is known to cause "creeping eruption" and intestinal infection in a healthy human volunteer [21] [22] [23] . Detailed discussion about this exotic species was made in a separate work [42] .
As we reported here, feral raccoons in Japan had meager parasites with regard to species number and infection intensity [4, 53] , compared with that found in North America where raccoons are endemic. Most of the collected parasites from feral raccoons in Japan were food-borne, indigenous helminth species, and infection with soil-transmitted nematodes was rare in them. It has been reported that the typical parasite fauna of raccoons is largely lost after placing the host at a new locality or island separated from inland habitats, and notable variation exists in the diversity and inten- sity of parasitic infection in raccoons from different geographic regions [7, 13, 15, 33, 36] . Originally, feral raccoons entered Japan as companion animals: the animals were imported when they were juvenile, approximately 2-3 month old. Accordingly, imported raccoons might have no time to acquire a variety of parasites before arrival to Japan, and in an artificial environment during personal keeping, they could not sustain the life cycle of parasites that need intermediate hosts. Even if raccoons harboring parasitic helminths are released in the field, it might be again difficult to sustain the life cycle of the parasite by a limited number of dispersing hosts because most species need a specific intermediate host and the contact between the potential intermediate host and final host is fully accidental. After all, transplanted hosts are deprived of the original parasite fauna, and acquire new parasites sustained by indigenous hosts in that ecosystem. Most of helminth species collected from feral raccoons in Japan by other researchers [4, 53] and us also follow this schema. Stuewer [48] found that adult and juvenile male raccoons in Michigan had larger home ranges than females of corresponding ages, and that adults had larger home ranges than juveniles. This behavioral difference and acting power to live food resources might partially explain different prevalences by sex noted in the present study (17.5-38.1 % in females vs. 28.6-52.6% in males). Two Physaloptera spp., Physaloptera rara and P. maxillaris, have been recorded at a high prevalence (63-97%) in raccoons of North America [9, 35, 46] . The former species is a common stomach parasite of coyotes (Canis latrans Say, 1823), while the latter is a common stomach parasite of skunk (Mephitis mephitis (Schreber, 1776)). Anderson [1] pointed out that P. maxillaris could not infect raccoons experimentally, and the reports of P. rara from raccoons might need confirmation as well. In Japan, P. praeputialis, a common stomach worm of felids with cosmopolitan distribution, has been recorded in domestic cats and dogs [14, 30] , but any Physaloptera species has never been recorded in wild carnivores. P. praeputialis is distinguished from P. rara by several morphological features [50] . In the posteroventral microtopography except for the position of the phasmids (Fig. 4) , and the length of spicules of our specimens (left, 0.62-0.83 mm; and right, 0.50-0.77 mm) and P. rara (left, 0.74-0.90 mm; and right, 0.48-0.70 mm [32] ), these two species resembled closely each other, distinct from P. praeputialis. P. sibirica is known from foxes (Vulpes vulpes (Linnaeus, 1758)), badgers (Meles meles (Linnaeus, 1758)), dogs, and cats at cold climates or high altitudes of the Eurasian continent [25, 34, 45, 51] . The length of spicules of P. sibirica (left, 0.59-0.74 mm; and right, 0.53-0.64 mm) [45] , and the posteroventral microtopography except for the arrangement of three precloacal sessile papillae (a flattened triangular row in our specimens vs. a distinct triangular row in P. sibirica [25, 34] ) are close to our speciemens. The position of the posteroventral phasmids of P. sibirica is identical with our specimens. Accordingly, we could not specify Physaloptera species obtained from feral raccoons. To clarify the origin of this parasite, extensive parasitological investigation of indigenous carnivores in the same survey areas is in progress at present.
Molecular phylogenetic relationships and taxonomic revision of abundant echinostomatid spp. (more than 120 nominal spp.) are currently the focus of researchers [19, 20, [28] [29] [30] . Apparently, Isthmiophora hortensis detected in this study resembled closely I. beaveri (Yamaguti, 1958) Kostadinova et Gibson, 2002 , which is the North American sibling species of the Euro-Asian I. melis (Schrank, 1788) Lühe, 1909, and different from the latter species in shape and position of the testes [5, 12, 19] . Asakawa et al. [4] also found a closely related species to one described here, in feral raccoons in Hokkaido, Japan, although they reported that the two testes are absolutely post-equatorial. In the redescription of I. hortensis, Kostadinova and Gibson [19] characterized the position of the testes in either I. melis or I. hortensis as pre-equatorial for the anterior testis and equatorial for the posterior testis. Despite the morphological discrepancy from I. hortensis, the nucleotide sequences of rDNA did indicate that the species with 27 or 28 collar spines found in the present study was I. hortensis. It is necessary to consider that greater morphological diversity of this species might occur in specimens from different host species, or artificially in specimens recovered from frozen carcasses. Alternatively, it could be a local variant in Wakayama Prefecture. Species differentiation of echinostomatids based only on morphology is sometimes difficult, and nucleotide sequencings may provide a solution to this problem [28] .
Macroorchis spinulosus was originally described by Ando [2, 3] in 1918 by experimental infection of laboratory animals with metacercariae encysted in Japanese freshwater crabs (Geothelphusa dehaani) collected in Gifu Prefecture, near our survey area. Although a variety of laboratory animals including dogs, cats, mice, rats, guinea-pigs, and rabbits served as the experimental definitive hosts, the natural definitive host was unknown until 1982, when Saito et al. [37] found the natural infection in Japanese water shrews (Chimarrogale platycephala platycephala (Temminck, 1842)) collected in Shizuoka Prefecture with adult flukes, and in Japanese freshwater crabs collected in Shizuoka, Kochi, and Nagasaki Prefectures with metacercariae. They found also two new species of the Macroorchis (i.e., M. chimarrogalus and M. elongatus) in Japanese water shrews [37] , and Machida and Uchida [26] recorded another new species, M. himizu, from greater Japanese shrew-moles (Urotrichus talpoides Temminck, 1841). As shown in Fig.  6 , our specimens are identical to the original description of M. spinulosus made by Ando [2, 3] . Recently, Korean researchers redescribed this species based on distinct species, which was obtained experimentally in mice, rats and cats by inoculating metacercariae encysted in Korean freshwater crayfishes (Cambaroides similis) from the eastern mountainous areas of Korea [6] . This Korean species is closely related to M. himizu, but presumably a distinct species.
Adults and juveniles of Contracaecum spiculigerum were isolated from 5 raccoons caught in the same area: 3 developed adults attached to the stomach of one raccoon, and one juvenile each was found in the intestine of 4 raccoons. The localities of parasite collection are near the nest area of common cormorants (Phalacrocorax carbo (Linnaeus, 1758) ), although the population of this avian host has decreased (ca. 2,000 in 1992 to ca. 500 in 2001; M. Tsumura, unpublished) after dispersion of raccoons around there.
Raccoons favor not only rural or suburban life but also urban life. When we consider the wandering of this carnivore within the town or from the wild to the town, or vice versa, feral raccoons make a special situation with respect to dispersion of viral, bacterial, protozoan and helminthic diseases to residents, companion or domestic animals, and the indigenous wildlife, along with their wandering. In this context, it should be stressed that feral raccoons must be controlled or eradicated promptly not only for their negative economic impact through the destruction of gardens and orchards, but also from the viewpoint of disease control for the public, domestic animals and wildlife. Even if this is impossible, exotic raccoons should be routinely surveyed for their zoonotic or exotic pathogens.
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